We explicitly construct an infinite family of asymptotically good concatenated quantum stabilizer codes where the outer codes use quantum Reed-Solomon codes and the inner codes use a set of special quantum codes. In the field of quantum error-correcting codes, this is the first time that a family of asymptotically good quantum codes is derived from bad codes. Its occurrence supplies a gap in quantum coding theory.
I. INTRODUCTION
Q uantum error correction is a basic technique for transmitting quantum information reliably over a noisy quantum channel. Many explicit constructions of quantum errorcorrecting codes have been proposed so far [1] - [12] . Some of the best-known code constructions are the CSS code construction of Calderbank and Shor [1] and Steane [2] and the stabilizer code construction of Gottesman [3] and Calderbank et al. [4] , [5] .
As in classical coding theory, we want to construct quantum codes with large minimum distance. More generally, we want to construct asymptotically good quantum codes with both rate and distance/length bounded away from zero. Ashikhmin et al. [13] and Chen et al. [14] constructed asymptotically good quantum codes based on algebraic geometry codes. Later, Matsumoto [15] improved the bound of Ashikhmin et al. [13] .
In classical coding theory, code concatenation [16] is a basic method for constructing good error-correcting codes and most of the known asymptotically good binary codes are constructed by code concatenation [17] . In the quantum setting, code concatenation is also effectively used to construct good quantum error-correcting codes, although concatenation is mainly used for fault-tolerant quantum computation [18] . Gottesman states code concatenation in his Ph.D. dissertation and gives the stabilizer of a quantum code constructed by concatenating the fivequbit code with itself. Calderbank et al. [5] also remark concatenated codes and Rains [19] proves the so-called product bound of concatenated codes. In this correspondence, we derive an infinite family of asymptotically good binary quantum stabilizer codes from quantum Reed-Solomon (RS) codes, which may be thought of as concatenated quantum codes where the outer code is CSS-type quantum RS code and the inner codes use distinct quantum codes. These codes are distinguished by being the first family of codes we have seen with the property that good quantum codes are obtained from bad codes. For this we first show that the long binary quantum codes obtained from RS codes are bad. Let be an binary quantum code obtained from RS code [20] . If the is held fixed, the ratio approaches zero as . However, it is possible to obtain an infinite family of good binary quantum codes from RS codes.
The main result of the present correspondence is the following.
Let and denote the lower bound to distance/length and rate of a family of quantum codes respectively as the length , there exists a family of asymptotically good concatenated quantum codes with and . In fact, in 1996, Calderbank and Shor [1] have proven the existence of good quantum codes. Then Calderbank et al. [5] proved the quantum Gilbert-Varshamov bound. But these proofs are not constructive. Later, Ashikhmin et al. [13] explicitly constructed asymptotically good quantum codes with and Chen et al. [14] with where for . Then Matsumoto [15] improved the bound of Ashikhmin et al. [13] with for . But all these quantum codes are derived from good classical codes directly. Compared with above codes, although the performance of our code is not very excellent, this is the first time that good quantum codes are explicitly constructed from bad codes. Its occurrence supplies a gap in quantum coding theory.
We define a family of quantum codes in Section II and prove that this family of codes is asymptotically good in Section III. 
II. DEFINITION

Lemma 2.1:
is dual to with respect to the symplectic inner product.
Proof: Clearly and are binary linear codes. From definitions of and we have Thus the symplectic inner product Then the statement follows by a dimension argument.
Clearly contains . Thus is weakly self-dual under symplectic inner product by Lemma 2.1. Then a quantum stabilizer code can be derived from .
Definition: For any and , define
to be the quantum stabilizer code with stabilizer and normalizer which are obtained from the CSS-type quantum RS code .
Clearly, is a binary quantum stabilizer code with parameters . In the other hand, may be thought of as concatenated quantum code where the outer code is CSS-type quantum RS code and the inner codes use distinct quantum codes.
III. PROPERTY
Before proving the main theorem we need some lemmas. These involve the entropy function , defined by where . We shall also need the inverse function defined by for .
Lemma 3.1: Suppose is an integer, where . Then
Proof: The proof of the lemma is a straightforward generalization of the proof to a similar expression in the binary case (see [21, Ch. 10, Lemma 8] 
